The monoclonal antibody denosumab reduces bone resorption. Warfarin is an oral anticoagulant used in the prevention and treatment of thrombosis. To date, there have been no studies on the interaction between warfarin and denosumab. The aim of the present study was to assess the maintenance of the Prothrombin Time International Normalized Ratio (INR) in the therapeutic range (TTR) in women under treatment with warfarin and denosumab, in order to evaluate the pharmacological interference of denosumab. No variations of the median TTR were found after undergoing treatment with denosumab: this shows that the intake of denosumab does not require additional checks in anticoagulated patients.
Introduction
Osteoporosis is a systemic disease of multifactorial etiology, characterized by a reduction in bone mass and deterioration of the microarchitecture of the bone tissue, which results in increased fragility and therefore an increased risk of fracture [1] . Among the many therapeutic options for osteoporosis treatment, an important role is played by the use of the denosumab monoclonal antibody (Prolia, Amgen). In normal bone remodeling, the amount of bone reabsorbed by osteoclasts is equivalent to the amount of bone formed by osteoblasts, which is due to the interaction between the Receptor activator of nuclear factor-kB (RANK) system (receptor expressed on the osteoclast surface) and Rank-ligand (RANKL) (cytokine produced by osteoblasts to stimulate bone resorption). Denosumab has been designed to bind with high affinity and specificity to RANKL, thus preventing the activation of its RANK receptor and reducing the formation and activity of osteoclasts. This limits the loss of bone substance by performing an anti-rheororbitive action [2, 3] . Warfarin (Coumadin, Bristol-Myers Squibb) is a coumarinic anticoagulant intended for the prevention of cardioembolic stroke and for the treatment and prevention of venous thromboembolism. It works by inhibiting the synthesis of vitamin K dependent coagulation factors; its anticoagulant effect is measured by monitoring the Prothrombin Time International Normalized Ratio (INR), which should be maintained in predetermined and defined therapeutic ranges intervals. Many medications can affect the patient's response to warfarin, through pharmacodynamic or pharmacokinetic mechanisms [4] . Some studies have also observed seasonal variations in warfarin concentrations in the absence of other causes. To the best of the authors' knowledge, no scientific work has evaluated the possible interactions between warfarin and denosumab. The purpose of the present study was to assess the INR time maintenance in the therapeutic range (TTR) in a group of women already treated with warfarin, who began taking denosumab, in order to assess any pharmacological interference consequent to the assumption of denosumab [5] [6] [7] [8] .
Material and Methods
Six women (mean age 76.2; range 73-86), already under treatment with warfarin 5 mg, for atrial fibrillation (4 pts.), venous thrombosis (1 pt.), and biological valvular prosthesis (1 pt.), started treatment with denosumab 60 mg, with 1 vial administered subcutaneously every six months. The clinical features of the patients are summarized in Table 1 . The average observational period of patients during treatment with both drugs was 356.1 days (range 144-699). Patient 1 experienced fracture of the left foot and of the first lumbar vertebra. The INR trend in terms of TTR was compared to periods of intake of warfarin of equal duration, before undertaking the treatment with denosumab. The results were compared to those of 12 women of the same age, undergoing therapy with warfarin for the same indications and for the same study period as the enrolled patients, but without denosumab treatment. The analysis of the TTR before and during treatment with denosumab involved the distribution of values in patients and controls and was implemented by calculating the median of the distribution as well as the 25th and 75th percentiles. Due to the limited number of recruited patients, an extensive statistical validation could not be carried out. However, given the encouraging results achieved, the cohort will be extended in the near future and the differences in the INR values before and under Prolia will be statistically assessed; possible correlations with age, menopausal age, and lumbar and femoral bone mineral density will also be investigated. 
Results
The analysis of the TTR in the six patients treated with warfarin and denosumab showed an increase from 63% to 70% of the median TTR after the beginning of denosumab treatment and an increase of the 25th percentile from 60% to 68% (Figure 1) . Moreover, during the same period, the control group, although they did not take denosumab, showed an increase in the median TTR from 68% to 74%, while the 25th and 75th percentiles did not show any significant variation (Figure 2) . 
Discussion
Treatment with denosumab did not determine any significant variations in the TTR between the group of patients treated with both drugs and the group of patients who were taking only warfarin. This showed that the use of denosumab does not interfere with the metabolic processes which regulate the absorption and efficacy of warfarin and therefore its assumption does not require, in the case of therapy with denosumab, additional coagulation tests to verify the maintenance of the INR in the TTR. 
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